Abstract Pleural tuberculosis accounts for nearly 20% of Extra pulmonary tuberculosis. Adenosine deaminase, commonly used biomarker for the diagnosis, is non specific and there is paucity of literature on its correlation with conventional or newer methods for the diagnosis of extra pulmonary forms of TB. The aim of the study was to assess diagnostic potential of T cell function markers [interferon (IFN-c), interleukin (IL-2) and IFN-c/IL-2 ratio]; macrophage activation marker [neopterin]; and oxidative stress markers [protein carbonyl and malondialdehyde (MDA)] in pleural tuberculosis. 26 pleural TB cases diagnosed on the basis of suggestive chest X-ray and raised serum ADA levels and healthy controls were included in the study. Pleural fluid specimens were subjected to Zeihl Neelsen staining and culture on Lowenstein Jensen medium. Serum IFN-c, IL-2, neopterin and protein carbonyl levels detection were done by ELISA and MDA levels were determined by measuring the thiobarbituric acid reactive substances. Median serum levels of IFN-c, IL-2, IFN-c/IL-2 ratio, neopterin, protein carbonyl and MDA were significantly different between cases and controls. Levels of all biomarkers except IL-2 were significantly higher in cases with contact history. Mean levels of ADA and ESR were 46.27 U/L and 46.62 mm/hr in PTB cases. AUC for IFN-c, IL-2, IFN-c/IL-2 ratio, neopterin, protein carbonyl and MDA were significantly discriminative for cases and controls. IFN-c/IL-2 ratio was best discriminatory biomarker with highest area under ROC curve.
Introduction
As per WHO Global TB Report 2015 the epidemic of tuberculosis (TB) is more extensive than previously perceived. India, one of the six countries constituting 60% of the global burden of new cases, accounted for the largest number of cases worldwide. In the global 9.6 million incident TB cases annually, India alone contributed 2.2 million new TB cases [1] . TB is caused by Mycobacterium tuberculosis and can potentially involve any part of the body. Though among the total TB load, pulmonary tuberculosis is the most prevalent form of TB, extrapulmonary cases account for nearly 15-20% in immunocompetent and 50% in HIV co-infection cases [2] . In extrapulmonary tuberculosis (EPTB) any organ other than the lungs parenchyma is involved. Pleural tuberculosis accounts for nearly 20% of EPTB cases [3] . Pleural tuberculosis is frequently associated with primary TB disease and can occur due to the contiguous spread from lung parenchymal inflammation or as a result of post-primary TB disease.
Very often the detection of EPTB cases is not straightforward. In a large proportion of EPTB cases, clinical signs and symptoms are non-specific, hence, the tests for the diagnosis of EPTB are performed late in the course of disease; even after the failure of empirical antibiotic therapy [4] . Moreover, the sensitivity of conventional diagnostic methods of direct microscopy for acid fast bacilli (AFB) and culture on solid media is relatively low due to the pauci-bacillary nature of extra pulmonary specimens. Another major constraint is the long mean incubation period of 4-6 weeks for the growth of Mycobacterium on cultivation as it has a slow rate of growth. In some cases the diagnosis of pleural tuberculosis is made on the basis of histopathology findings in a pleural biopsy specimen. The invasive sampling done in these cases cannot be repeated easily, besides requiring technical expertise.
Thus, to address these problems, efforts are now being directed towards detection of suitable biomarkers for the diagnosis of pleural tuberculosis. Biomarkers can be defined as the measurable characteristics that indicate normal biological or pathogenic processes or pharmacological responses to a therapeutic intervention. In order to prove useful as a surrogate marker of disease, a biomarker should have a direct role in disease pathogenesis or protection and must reflect the improvement in the pathology following suitable treatment [5] . In many settings estimation of adenosine deaminase (ADA) levels is the most commonly used method for the diagnosis of pleural tuberculosis and further to start empirical treatment. Adenosine deaminase is the enzyme involved in purine catabolism and also has a role in the proliferation and differentiation of lymphocytes [6] . Elevated ADA levels are not specific for the diagnosis of pleural tuberculosis as levels can also increase above the baseline values in several other pathologies [7] . Moreover, there is a paucity of literature on the correlation of ADA with the other conventional or newer methods for the diagnosis of extra pulmonary forms of TB. Erythrocyte sedimentation rate (ESR) is another non-specific marker of inflammation often assessed in association with TB. The present study was initiated to assess the diagnostic utility of various biomarkers in pleural tuberculosis cases diagnosed on the basis of ESR, chest X-ray findings and ADA levels in pleural fluid. The aim of the study was to estimate the diagnostic potential of circulating biomarkers directly involved in the pathogenesis of TB including T-cell function markers [interferon (IFN-c), interleukin (IL-2) and IFN-c/IL-2 ratio]; macrophage activation marker [neopterin]; and oxidative stress markers [protein carbonyl and malondialdehyde (MDA)] in pleural tuberculosis cases.
Materials and Methods
A cross-sectional study was carried out in the Immunology section, Department of Microbiology, of a tertiary care hospital over a period of one year. This study included 26 pleural tuberculosis cases diagnosed on the basis of ESR, suggestive chest X-ray findings and raised serum ADA levels with 26 age and sex matched healthy controls. Contact history was obtained in all the cases. To rule out latent TB, only the healthy subjects with a negative tuberculin skin test were included in the control group. Any pleural tuberculosis patient with a coexisting systemic disease, immunodeficiency, malignancy or autoimmune disorder were excluded from our study. The Institutional Ethical Committee gave approval for this study. A written informed consent was taken from all the study subjects prior to being included in the study. Sera were separated from the blood specimens of both the cases and healthy controls and the aliquoted sera were stored at -80°C till further processing. In addition, a pleural fluid specimen was obtained from all the cases of pleural tuberculosis included in our study. All pleural fluid specimens were subjected to direct microscopy for the demonstration of acid fast bacilli by Ziehl-Neelsen (ZN) staining and were cultured on Lowenstein-Jensen (LJ) medium for M. tuberculosis isolation.
Detection of Serum IFN-c, IL-2, neopterin and protein carbonyl was done by using the commercially available enzyme linked immunosorbent assay (ELISA) kits following the manufacturers' instructions. Diaclone Human ELISA kit (France) was used for determining the serum IFN-c and IL-2 levels which had a sensitivity of \5 and 7 pg/ml, respectively. The principle of solid-phase sandwich ELISA was the basis of both these assays. DRG, DRG Instruments GmbH, Human Neopterin ELISA kit (Germany) was used for the estimation of serum neopterin levels. It used the principle of a solid phase competitive ELISA. Protein carbonyl levels was assessed by QAYBEE-BIO For Life Science Human Protein carbonyl (PCO) ELISA kit (China), with an assay range of 15.6-1000 pg/ ml and it was based on the principle of double-antibody sandwich ELISA. The correlation of the absorbance of reference controls and the samples was used for the interpretation of the results. The levels of MDA were determined in by the estimation of the thiobarbituric acid reactive substances spectrophotometrically at 532 nm. MDA reacts with thiobarbituric acid and forms a pinkishred coloured chromogen which has a maximum absorbance at 532 nm.
Statistical Analysis
Mann-Whitney U test was applied for the comparative analysis of the various biomarkers under study between the pleural tuberculosis cases and healthy controls and the p values were calculated for the assessment of difference in distribution of biomarkers between these two groups. Mann-Whitney U test and p values were also used for the assessment of circulating biomarkers under study among cases with and without a history of contact with known tuberculosis case. For the analysis of diagnostic efficacy of various biomarkers under study in pleural tuberculosis cases, receiver operating characteristics (ROC) curve analysis was used. Spearman's correlation coefficient (rho) was used to assess the correlation among circulating biomarkers with ESR levels and pleural fluid ADA levels in cases group.
Results
In this study the age of patients ranged from 18 to 62 years. Majority of the pleural tuberculosis patients belonged to 18-30 years followed by 31-45 years. A male to female ratio of 1.9 was seen depicting a male preponderance (Fig. 1) .
In 3 (11.5%) pleural fluid specimens acid fast bacilli was seen on direct microscopy and in 4 (15.4%) specimens Mycobacterium tuberculosis was isolated on culture. In 1 (3.8%) of the all pleural fluid specimens, both the direct microscopy for acid fast bacilli and isolation of Mycobacterium tuberculosis on culture was positive. The mean levels of ADA and ESR were 46.27 U/L and 46.62 mm/h in pleural tuberculosis cases. Table 1 depicts the comparison of median serum levels of various biomarkers under study in between the pleural tuberculosis cases and healthy controls. The distribution of median serum levels of the biomarkers under study was found to be significantly different between the cases and the healthy controls (p \ 0.05). The median serum levels of IFN-c, IFN-c/IL-2 ratio, neopterin, protein carbonyl and MDA were significantly higher in the pleural tuberculosis cases than the healthy controls. However, the median serum level of IL-2 was significantly higher in the healthy controls than the cases group.
Assessment of Circulatory Biomarkers in Pleural Tuberculosis Cases and Healthy Controls
The area under the curve (AUC) of all the biomarkers under study was able to significantly discriminate between the pleural tuberculosis cases and the healthy controls (p \ 0.05). A separate receiver operating characteristics (ROC) curve for IL-2 has been made as the lower values of IL-2 favoured the cases whereas for all the other biomarkers under study higher values represented the cases (Table 1 ; Fig. 2 ).
Correlation Among Various Biomarkers Under Study with ESR and Pleural Fluid ADA in Pleural Tuberculosis Cases
A positive correlation was seen among the cases between ESR levels and the serum levels of all the biomarkers under study (except IL-2) by spearman's correlation. However, no such correlation was seen between the levels of any of the biomarkers and pleural fluid ADA levels. Table 2 shows spearman's correlation of various biomarkers under study with ESR levels and pleural fluid ADA levels in pleural tuberculosis cases.
Assessment of Circulatory Biomarkers in Pleural Tuberculosis Cases on the Basis of History of Contact
In pleural tuberculosis cases, 7(26.9%) reported a history of contact with a known case of tuberculosis. Table 3 demonstrates the comparison of the median serum levels of various biomarkers under study among the pleural tuberculosis cases with and without a history of contact. Though the interpretation of median serum levels did not have a conclusive interpretation, a significant difference was seen in the median serum levels of all the biomarkers under study except IL-2.
Discussion
Although Tuberculosis affects primarily the lungs, extrapulmonary TB may be the initial presentation in approximately 25% of adults that primarily affects the lymph nodes and pleura [8] . Pleural tuberculosis is a diagnostic dilemma due to the limitations of traditional diagnostic tools used in extra pulmonary forms of tuberculosis [9] . The pathogenesis of tubercular pleural effusion is the manifestation of paucibacillary mycobacterial infection into the pleural space and thus the interaction with T cells after the rupture of subpleural caseosus focus from the lung into the pleural space [10] . This interaction with T cells that are previously sensitized to Mycobacterium lead to a delayed hypersensitivity reaction [11] . The initial neutrophilic inflammatory response is followed by a predominantly lymphocytic reaction leading to the formation of a pleural granuloma, which probably explains the reduced likelihood of culture positivity as the viable mycobacteria are contained [12] . The definitive diagnosis of pleural TB can be done by demonstration of tuberculous bacilli either by microscopy and/or culture or demonstration of tuberculous granulomas with acid fast bacilli in the pleura with supportive evidence of elevated ADA levels in the pleural fluid [7, 9] . In endemic settings, however, the diagnosis is most often inferred in patients with high levels of ADA and an exudates with lymphocytic predominance. Though pleural fluid, pleural biopsy and sputum ideally should be cultured for mycobacteria when pleural tuberculosis is suspected, the culture yield of sputum specimens remains variable between 10 and 60%, predominantly determined by the extent of associated pulmonary involvement [13] . The isolation from pleural fluid samples also remains low and ranges between 60 and 70%. The probable justification of low culture yield could be the fact that the main pathogenesis in such cases is delayed hypersensitivity [14, 15] . Direct microscopy for presence of acid fast bacilli very rarely gives a positive result and with the exception of tubercular empyema or HIV co infection, the positivity often remains below 5-10% [7, 10] . Approximately onethird of patients with pleural tuberculosis give a negative skin test [15] . Most of the time empirical therapy is initiated on the basis of clinical suspicion as in almost 15% of cases no diagnosis is ever established [16] . With solid culture media, low sensitivities in the range of 12-30% have been reported [12] . In our study 11.5, 15.4 and 3.8% of pleural fluid specimens were positive by direct microscopy for acid fast bacilli, culture and by both direct microscopy and culture respectively.
ADA besides being a key enzyme in purine catabolism, is also involved in catalysing the deamination of adenosine to inosine. ADA has been demonstrated in biological fluids in cases of infectious diseases primarily involving macrophages. In addition to that it also helps in the proliferation and differentiation of T-lymphocyte. Thus is an important indicator of cellular immunity [17] . There are numerous studies in the literature demonstrating increased levels of pleural fluid levels of ADA in the cases of tubercular pleural effusion. In our study the mean levels of ADA were 46.27 U/L in pleural tuberculosis cases. Our findings were in agreement with the majority of other studies which have used the cut-off of 40 U/L for the diagnosis of pleural tuberculosis [6, 18] . Though, wide range of cut-off values have been reported, the majority showing the most accurate threshold to range between 40 and 60 U/L [12] . Helmi et al. [6] reported a mean ADA level of 83.5 ± 50.3 U/L in tuberculous pleural effusion. Similarly, Garcia-Zamalloa et al. [18] have reported the mean pleural fluid levels of 56.7 U/L in their 10 years study in cases of tuberculous pleurisy. In a study involving 254 pleural tuberculosis cases, ADA was more than 47 U/L in 99.6% cases [19] . In another study conducted in a high TB prevalence population including 303 pleural tuberculosis cases with exudative effusions, 58% had ADA levels of more than 50 U/L [20] .
A clinician need to be additionally aware of conditions while interpreting ADA levels for the diagnosis of pleural tuberculosis that may result in the increased likelihood of false results involving both the false-negative and falsepositive ADA results. In the initial stages of disease the levels of ADA in the pleural fluid may be lower than the reference range that may lead to a false negative result. Moreover, false negative results may also be seen in elderly patients and smokers. There are several conditions which can lead to false positive results like rheumatoid effusion, empyema due to other bacteria, mesothelioma, lung cancer and haematological malignancies. Measurement of ADA-1 isoenzyme of ADA can also produce false positive results as it is also increased in other bacterial empyemas. Thus the use of ADA-2 isoenzyme measurement increases the specificity for the diagnosis of pleural tuberculosis [12] . IFN-c is a Th1 cytokine often assessed for host's immune response to mycobacterial infection. Though levels of pleural fluid IFN-c concentration are considered a useful diagnostic tool to diagnose pleural tuberculosis, concerns regarding specificity have often been raised similar to ADA [21, 22] . Studies have reported cut off values of [140 to 240 pg/mL with sensitivity and specificity ranging from 89 to 95% and 92-97% respectively [19, 23, 24] . A study done in a TB endemic setting found a comparable potential utility of IFN-c with ADA, though a significantly greater sensitivity of IFN-c than ADA with a cut-off value of 107.7 pg/mL was reported. Yet definitive recommendations regarding routine use in clinical practice is lacking for both these markers as false positivity or false negativity concerns are there [25] . In our study we also analysed another Th1 cytokine of IL-2. The median serum level of IL-2 was found to be significantly higher in healthy controls than the pleural tuberculosis cases. Lower serum levels favoured the cases only for IL-2 among all the biomarkers under study. However, in a study by Li et al. [26] no statistical difference was observed for IL-2 between the three study groups of pleural effusion with pleural tuberculosis group, pulmonary tuberculosis cases group and healthy controls group. In the present study we found IFN-c/IL-2 ratio as the best discriminatory biomarker with the highest AUC in ROC analysis among all the biomarkers under study. Despite our best efforts we could not find similar studies assessing the potential usefulness of IFN-c/IL-2 ratio for the diagnosis of pleural tuberculosis. Neopterin is produced by activated macrophages in response to the action of interferon gamma. Thus, neopterin can be used as marker of macrophage activation and cellular immunity [27] . Increased levels of neopterin has been reported in various body fluids in tuberculosis cases [28] . In our study, we have demonstrated a median serum levels of 25.3 nmol/L. Baganha et al. [29] have also demonstrated increased neopterin levels in the sera of the tuberculous pleural effusion cases. Tozkoparan et al. [28] also demonstrated a mean serum neopterin level of 38.28 nmol/L ± 6 14 which was significantly different from the control group (p \ 0.05). In our study we have also reported a significant difference in the median serum levels of neopterin and healthy controls (p \ 0.001). Many studies have reported increased pleural fluid neopterin levels in the tuberculous pleural effusion cases than the malignant pleural effusion cases [27, 29] . Immanual et al. have demonstrated increased serum neopterin levels in HIV-negative TB patients prior to the treatment. They further reported a decrease in the serum neopterin levels following first month of treatment and the levels returned to baseline values at the completion of full course of treatment. The same study also showed that increased serum neopterin levels after treatment were associated with relapse. Consequently, this study suggested that assessment of neopterin levels could be a useful marker for monitoring the response to treatment [30] . In this study we assessed serum levels of oxidative stress markers; protein carbonyl for amino acid oxidation and MDA for lipid peroxidation. Significantly raised median levels were obtained in the pleural tuberculosis cases when compared to the healthy controls. However, Gunes et al. [31] in their study reported no statistically significant difference in the serum MDA levels between tuberculous and non-tuberculous pleural effusion cases (p = 0.526).
Conclusion
In India, TB is the most common cause of pleural effusion. In a large number of cases diagnosis is made on the basis of a high ADA level in an exudative lymphocytic predominant pleural effusion. Though ADA is the most widely used biomarker for the diagnosis of tuberculous pleural effusion, correlation of ADA with the other conventional or newer methods is not well described. Moreover, false-negative and false-positive results warrant its cautious use. There is an urgent need for research in the field of biomarkers that are directly involved in disease pathogenesis or protection. Our study reports the preliminary observation of the diagnostic utility of T-cell function, macrophage activation and oxidative stress biomarker levels between TB-pleural effusion and healthy normals. The principle limitation of this study is the non-inclusion of disease control cases. Therefore further research involving larger and more diverse study groups particularly the disease control cases is necessary to validate these biomarkers under study for their potential diagnostic role in pleural tuberculosis.
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